Number of hours of leaf wetness on sugar beet foliage and average leaf surface temperature during the period of leaf wetness were determined by a leaf wetness sensor and an infrared thermometer (LWS/IRTI, respectively, connected to an automated weather station. Hours of relative humidity >90% and canopy air temperature were determined by a hygrothermograph (HYG). The two methods were com pared for determination of daily infection values (DIVs) judged favorable, marginal, or unfavorable for Cercospora leaf spot development during late July and August of 1986 and 1987. Low levels of leaf spot severity «1% of leaf area) adjacent to the weather station in 1986 fit favorably with infection predictions based on the LWSIIRT data. Leaf spot severity was <3% near the weather station in 1987 although favorable conditions for infection were indicated by both measuring systems. However, in an adjacent field sheltered on three sides, leaf spot severity developed to 50%. Fungicide application dates in 1986 based upon predictions by LWS/IRT data and first symptom appearance provided significantly (P=O.05) lower disease severity than a nontreated control in a plot area near the weather station. In 1987 one fungicide application following disease predictions based upon both the LWSIIRT and HYG systems provided control equal to three biweekly applications starting with first appearance of symptoms. Cercospora leaf spot infection predictions based upon weather data provide for effective timing of fungicide application in years of significant disease development and for avoidance of unnecessary use of fungicides when conditions are unfavorable for infection.
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Cercospora leaf spot has been a serious production problem in some years in various areas of central United States, as well as sugar beet growing regions of Europe. Fungicides have been used for control of the disease since the 1920s and 1930s (LeClerg, 1935) . In California, Cercospora leaf spot was not of economic importance in furrow irrigated sugar beet fields, but after growers turned to sprinkler irrigation, medium to severe epidemics occurred (Paulus, et al, 1971) . The disease was particularly serious in eastern and central Nebraska in the 1960s and fungicides were applied routinely in affected areas as the principal method of control. Spray schedules were initiated following detection of symptoms with applications repeated at regular intervals (Weihing and Finkner, 1968; Wysong, et aI, 1968) . Most fungicides registered for use on Cercospora leaf spot have provided satisfactory control. Cercospora leaf spot became a serious disease in some areas of the North Platte Valley of western Nebraska during the early 1980s. Growers adopted fungicide spray schedules similar to those used in eastern Nebraska as a preventive disease control program. Additional applications of fungicide were made assuming that the disease would increase in severity. In some years, disease did not progress as anticipated and the cost of fungicide application for leaf spot control was unnecessary. A system was needed for predicting the most efficient timing of fungicide application. Pool and McKay (1916b) reported that a temperature of 27 32 o C, with a minimum night temperature (preferably not below 16 0 C) was most favorable for conidial production and that a maximum relative humidity ranging above 60% for not less than 15-18 hr each day induced good growth of the fungus. Pool and McKay (1916a) 1983 and 1984 tests near Scottsbluff and Bridgeport, respectively, were both within 5 km of National Weather Service observer stations, from which minimum daily temperatures were obtained for July through September. The 1985 test near Bridgeport was equipped with a hygrothermograph at canopy level and DIV s were calculated for the same time period by the method of Shane and Teng (1984) . The most effective fungicide treatment was selected for comparison to a nontreated control to indicate the effect of leaf spot severity on root yield. Fungicide data were chosen from one of seven treatments in 1983 and 1984 and from one of 14 treatments in 1985. Fungicide treatments, rates applied, and statistical methods are described in Table 1 . Though benomyl fungicide was included among the treatments in those tests, resistance of C. beticola to benzimidazoles reported in other sugar beet production regions (Ruppel and Scott, 1974; Georgopoulos and Dovas, 1973) had not yet been a problem in western Nebraska. Fungicides were applied on 3, 17 August and 9 September 1983; 31 July, 15, 24 August and 10 September 1984; and on 8, 26 August and 9 September 1985. Sugar beet roots were harvested 12 October 1983, 10 October 1984, and 2 October 1985. Experimental areas for 1986 and 1987 were located on a farm near Lyman, NE, about 8 km south of the North Platte River. These areas had a history of severe Cercospora leaf spot on sugar beet during the early 1980s. The soil was McCook loam with <1 % slope. Fields were furrow-irrigated with surface water. A 2-yr rotation of corn and sugar beets had been used in recent years. Sugar beet variety MonoHy 55, moderately resistant to C. beticola, was grown in row spacings of 56 em and the plants were hand-thinned to approximately 23 cm in-row spacing in both years.
In 1986, the experimental area was sheltered 100 m to the north by trees and 45 m to the west by corn. In 1981 trees were 100 m to the north and corn 50 m to the southeast.
An automated weather station was placed in the center of the experimental areas on 10 July 1986 and 1 July 1987 following final ditching for furrow irrigation. There were no disease symptoms a week after installing the weather station so it is assumed weather conditions had not been favorable for infection prior to installation. Initial symptoms of Cercospora leaf spot are seldom observed in the North Platte Valley before mid-July. Parameters measured every 5 min included: leaf wetness (Weiss and Lukens, 1981) , air temperature, relative humidity (Phys Chern PCRC-ll relative humidity sensor, N.Y., N.Y.), and precipitation. Canopy temperature was measured every 15 min with an infrared thermometer (Model 4000, Everest Interscience, Inc., Tustin, CA) facing south at a height of 3 m and at a zenith angle of approximately 25 degrees. The leaf wetness sensor was placed in the top 10% of canopy height and changed in response to changes in canopy height. Hourly averages were calculated and stored for later transmission to a central computer. Both values of DIVs were calculated for 24 hr periods, from noon to noon, encompassing uninterrupted leaf wetness periods that occurred during the night. More details on this instrumentation are given in Weiss and Kerr (1989) .
In addition, a HYC was placed in a louvered instrument shelter set on the soil surface beside the automated weather station to record air temperature and relative humidity. These data were collected and processed at weekly intervals on a daily noon to noon basis.
The DIV s based on the number of hours of leaf wetness and the canopy temperature during the periods of leaf wetness were compared to DIVs calculated from hours of relative humidity >90% and air temperature during these periods as recorded by the HYC.
Leaf spot occurrence was monitored approximately three times per week in a plot adjacent to the weather instruments. The severity percentage was determined by inspecting 20 randomly selected plants for average number of spots per leaf per plant and converting those values to an estimated percent of leaf area affected. Progress of disease severity was compared to dates of marginal and favorable DIVs.
Plots were established near the weather station in 1986 and 1987 to determine the relative success of controlling Cercospora leaf spot with fungicide application dates based on DIVs calculated from the automated weather station data versus appearance of visible symptoms (conventional method used by growers) of the disease. A randomized complete block design with six replications was used and each plot consisted of three rows 7.6 n1 long (56 cm between rows). In 1986, application dates were 24 July following two successive DIVs totaling 8, and on 9 August following the detection of first leaf spot symptoms in the plot area (severity = 0.07% leaf area). No treatment was made for hygrothermograph data. Triphenyl tin hydroxide (TPTH) fungicide was applied at 0.339 kg ai/ha with a backpack-type Solo sprayer with a fan type nozzle at a pressure of 138 kPa in 187 L of water /ha. Leaf spot ratings and root harvest were done on 25 September. Roots were hand-harvested from a 6 m length of the center row. Clean root weight and percentage sugar were determined by the Western Sugar Company. Statistical interpretation of data was by analysis of variance and single degree of freedom orthogonal comparisons of means.
The 1987 fungicide test utilized the same procedures as in 1986 except application date treatments were changed and treatments were replicated five times. Treatments were 1) nontreated control; 2) applications following the first 2-day cumulative DIY ~ 7 based on leaf wetness sensor /infrared thermometer (LWS/IRT) data, 27 July; 3) first leaf spot symptom appearance (severity = 0.074% leaf area), 27 July, and repeated 14 and 28 August; and 4) application following the first 2-day cumulative DIY ~ 7 based on BYG data, 7 August. Treatment 4) was delayed a few days because of extremely wet field conditions. A hailstorm on 4 September destroyed some of the older leaves and the leaf spot severity ratings on 29 September were based on the remaining mature leaves. Sugar beet roots were hand-harvested from a 4.6 m length of the center row of each plot. In 1986, data also displayed similar characteristics between the two measuring systems (Weiss and Kerr, 1989) ; the LWS/IRT data showed DIVs appearing in consecutive groups, i.e., 2-day cumulative DIVs of 2,4 and 2 on 11, 12 and 13 August, respectively, and 4 and 4 on 19 and 20 August, respectively. The HYG data took on an oscillating nature, i.e., favorable cumulative DIVs on 12 and 13 August, but marginal DIVs on 17 and 18 July, 17, 19, 25 and 26 August. The LWS/IRT measuring system was more conservative than the HYG system for making inputs in DIVs. Because there have been few comparisons of these two systems, prediction needs confirmation from field observations. In 1986 leaf spot symptoms were first detected at a 0.05% severity on 4 August. Perhaps this indicates a relationship of initial infection to the marginal DIVs on 17 and 18 July based on HYG data. The severity level remained below 0.1 % until 29 August, then gradually increased to 0.64% by 8 September. The low level of disease development was a slow response to the two favorable and four marginal DIVs occurring from 12 to 26 August based upon HYG data, but no increase in disease was predicted based upon the LWS/IRT data. In 1987 (Table 2 ) during the period of 23 July to 11 August meteorological conditions were favorable for infection as indicated by both the LWS/IRT and HYG measuring systems. During this period, leaf spot severity showed an increase from zero to a maximum of only 0.27% (Table 3 ). In the following 2 wk, leaf spot severity increased to 2.55% even without marginal or favorable conditions. The increase in disease severity may have been due to expansion of established infections. The 2.55% severity was a peak rating for a single date that was based on inclusion of a few randomly selected plants that were 12% severity and not represented in later rating dates. Nevertheless, those plants indicated a dramatic increase from zero disease severity recorded for 23 July. Although both measuring systems indicated favorable microclimate conditions during 1987, the low carry-over of inoculum from the previous season likely accounted for low leaf spot severity.
In a field 300 m from the weather station, the same sugar beet cultivar as grown in the experimental field was sheltered by corn on the north side and trees along a drainage ditch on the east and south side; this area also had a slightly higher inoculum level (as determined by disease severity in adjoining sugar beets the previous year). Leaf spot severity developed in that field to 10% by 14 August, to 21 % by 24 August, and to 50% by 3 September (Table 3) . Leaf spot severity in the weather station area peaked at only 2.55% on 24 August. These observations indicate the significance of local variation; large differences in infection occurred between small distances because of differing microclimates and/or levels of inoculum. The rapid increase in leaf spot severity in the nearby field followed predictions of increased infection indicated by the two measuring systems (Table 2) . Under favorable conditions conidia may be produced from new infections within 10 days (Lamey et aL, 1982) . Thus, a warm August may be favorable for rapid disease development.
The advisory system developed by Shane and Teng (1984) , based on meteorological conditions necessary for initial infection, makes no assumption about the levels of initial inoculum although they point out that inoculum available for infection is an equally important consideration. Thus, meteorological conditions may be favorable, but infection may not occur if inoculum pressures are low. . In the semiarid conditions of the North Platte Valley, leaves usually remain wet for long periods of time because of frequent irrigation, but the limiting meteorological factor often is the canopy temperature.
Fungicide applications to field plots near the weather stations were designed to compare season-long disease control and yield of sugar beets with different dates of application based on leaf spot prediction information. In 1986, fungicide application dates were based on a single favorable day (24 July) calculated by the LWS/IRT system, and on 9 August based on the time of first symptom appearance in the plot area. Unfortunately, the 9 August application was a 5 day delay because of wet field conditions from irrigation. Comparisons of preharvest leaf spot severity ratings are reported in Table 4 . Leaf spot symptoms developed slowly the remainder of the season but the disease ratings were significantly lower following the 24 July (LWS/IRT system) fungicide application than for the 9 
